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RESEARCH ARTICLE

Local Reinforcement Design and Safety Factor
Evaluation of Elliptical Hatch of Pressure Hull
Guang-Min Luo*, Jun-Wei Chen
Department of Naval Architecture and Ocean Engineering, National Kaohsiung University of Science and Technology, Taiwan

Abstract
A pressure hull is the primary pressure-resistant structure of a submarine. To safeguard the compressive strength of
such a hull, local structural reinforcement is required for various hatches on the hull. Hatches are commonly reinforced
through increasing the thickness of the hull regions around them; alternatively, hatch nozzle walls are connected with
stiffened frames to maintain the continuity of reinforced structures. This study focused on a pressure hull with an
elliptical hatch. A PD-5500 cylindrical pressure hull was used to design a cylindrical pressure hull structure, and a model
of hatch nozzle reinforcement was designed using the Boiler and Pressure Vessel Code by the American Society of
Mechanical Engineers. A numerical simulation was then conducted to calculate the hot-spot stress around the hatch
nozzle and the critical buckling strength of the pressure hull. The feasibility of local reinforcement around the hatch
nozzle was assessed accordingly.
According to the assessment results, the reinforcement thickness of the hull around the hatch nozzle could be reduced
from 56 mm to 40 mm or less. The results of this study veriﬁed that the region surrounding the hatch nozzle exhibited
sufﬁcient compressive strength without any thickness increase as long as the structural continuity was satisfactory.
Keywords: Pressure hull, Hatch nozzle, Stiffened frames, Hot-spot stress

1. Introduction

T

ypically, a designer creates a standard structural size design of a pressure hull by directly
assuming that the hull is a complete cylinder or
cone without considering the holes in it; the thickness of the hull and the size of its stiffened frame are
determined using design charts and formulaic calculations. However, submarine pressure hulls have
hatches of different sizes for access by personnel
and equipment. In terms of the layout, the access
hatch, which is the largest hatch on a hull, often
interferes mutually with the stiffened frames and
thus undermines the structural continuity of the
stiffened frames. The effect of large hatches on the
compressive strength of a pressure hull cannot be
effectively predicted in preliminary designs.

Approaches commonly employed to reinforce the
structure of a large hatch on a pressure hull include
increasing the hull thickness of the local structure
surrounding the hatch and safeguarding the structural continuity of the stiffened frames by
combining the frames with the hatch nozzle wall.
The main purpose of increasing hull thickness is to
effectively eliminate the stress concentration around
the hatch; the structural continuity of the stiffened
frames is maintained to provide sufﬁcient
compressive strength for the pressure hull. However, whether the increase in the hull thickness of
the local structure is feasible must be considered
and whether there are opportunities for reducing
hull thickness both require attention to hull structure design. Under special requirements and conditions, the access hatch must be designed as an
ellipse, which further adds to the difﬁculty in
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reinforcing the hull structure. This study focused on
the problems related to the reinforcement of the
local structure of an elliptical hatch; a feasible
structural design approach was formulated on the
basis of safety factors to provide a reference in
determining the hull thickness for local structural
reinforcement.
Because research on submarine structures is
particularly sensitive, few studies have been published. The literature related to the topic of this
study is described as follows:
On assessing the stress of the hatch opening,
Liang [1] explored the stress distribution around the
holes of a shell and proposed a set of design parameters on the stress distributions for hulls with
different curvatures. Skopinsky [2] introduced the
nozzle reinforcement model for the end plate of a
pressure hull and compared the difference between
nozzle stress and end-plate stress after structural
reinforcement. However, the hatch nozzle and the
pressure hull must be joined by welding. The actual
stress of a welding joint is typically expressed as
hot-spot stress, which is frequently applied to assess
the fatigue strength of a welding joint. Hot-spot
stress has also been applied to assess the stress at a
tubular joint. Det Norske Veritas (DNV) and the
American Welding Society have recommended
methods of hot-spot stress calculation [3,4]. Lee [5]
proposed the multidimensional Lagrangian interpolation method to predict the stress concentration
around a tubular joint and calculate the stress concentration coefﬁcient and hot-spot stress of the joint.
The results veriﬁed that the interpolation method
yielded more accurate stress calculation than did the
parametric regression method. Hectors [6] contended that the values of hot-spot stress are smaller
than those of the weld-root-node stress. This
resulted in the excessively conservative structural
stress calculation in data model simulation because
the model did not consider the weld root. Accordingly, this study employed hot-spot stress to assess
the feasibility and reliability of the calculated stress
in the reinforced structure around a hatch nozzle.
This study employed nonlinear buckling analysis
to evaluate critical buckling strength of a pressure
hull with an elliptical hatch nozzle in the context of
its material and geometric nonlinearity. The
nonlinear analysis method is a considerably mature
method for simulating the critical buckling strength
of a pressure hull. Graham [7] predicted the
nonlinear elastic-plastic collapse of ring-stiffened
cylinders through ﬁnite element analysis and
incorporated the residual stress caused by out-ofcircularity cylinders, crooked stiffened frames, and
cold bending in the analysis model. MacKay [8,9]
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predicted the critical collapse pressure of a pressure
hull through nonlinear analysis, quantiﬁed the accuracy of nonlinear ﬁnite element analysis in predicting hull collapse from a literature review, and
described the incorporation of partial safety factors
in hull structure designs. Some studies have examined the effect of out-of-circularity imperfections of
pressure hulls on compressive strength and have
experimentally conﬁrmed the accuracy of numerical
simulations. Smith [10] proposed an advanced
three-dimensional (3D) modeling technology to
rapidly construct a pressure hull model with out-ofcircularity imperfections and analyze local stress
and dynamic load. Luo [11] explored the buckling
strength of an out-of-circularity pressure hull
through experiments and numerical simulations,
revealing that the eigenbuckling mode can be used
to simulate the initial imperfections of the hull after
appropriate superposition. Imperfections can then
be incorporated to acquire a model on the out-ofcircularity pressure hull to accurately simulate its
critical buckling and postbuckling behaviors. Cho
[12] employed Abaqus to investigate the compressive strength of an out-of-circularity pressure hull.
During the simulation, the residual stresses caused
by the initial out-of-circularity and welding were
considered. The simulation results were compared
with the experiment results to conﬁrm the reliability
of numerical simulations.
This study examined the feasibility of local structural reinforcement for a pressure hull with an
elliptical hatch nozzle. The out-of-circularity imperfections in the hull must be considered for
accurately calculating the critical buckling strength
and deduce the safety factors accordingly.
Regarding the effects of structural imperfections on
critical compressive strength, the imperfections and
collapse strength of a spherical dome are simpler to
assess than those of a ring-stiffened pressure hull.
Blachut [13] proposed suggestions on the compressive safety factors of a spherical dome with initial
imperfections. MacKay [14] conducted quasistatic
incremental analysis in conjunction with Ansys to
predict the nonlinear collapse pressure of a submarine pressure hull in consideration of its material
and geometric nonlinearity. In addition, probabilistic analysis was applied to compare the experiment results with the simulation results, conﬁrming
the accuracy of the numerical simulation method
and verifying that collapse prediction precision can
be increased substantially without large partial
safety factors. Cerik [15] assessed the effect of the
modeling uncertainties of a pressure hull on model
reliability analysis from the perspective of probabilities. The results revealed that the existing
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standard designs (e.g., PD-5500) have considered
the effect of modeling uncertainties, which can lead
to slight overprediction of compressive strength.
Accordingly, Cerik [15] argued that the safety factors
speciﬁed in the existing standard designs have been
created to ensure safe operations of submarines that
engage in overdiving. When the possibility of
overdiving is nonexistent, however, excessively
conservative safety factors can lead to the overdesign of local structure.
According to the literature review, on the basis of
the stress concentration in the structure around the
hatch and the critical collapse strength of the pressure hull, this study employed hot-spot stress and
critical buckling strength for evaluating the feasibility of local structural reinforcement. Suggestions
were proposed on said reinforcement accordingly.

2. Partial reinforcement design of elliptical
hatch nozzle and boundary conditions
This study applied the PD-5500 standard [16] for
determining the thickness of a cylindrical pressure
hull and the size of its stiffened frames. The yield
stress of the material, the diameter of the hull, the
interval between each pair of stiffened frames, and
design diving depth were assumed as 560 MPa, 7 m,
750 mm, and 300 m, respectively. According to the
PD-5500 standard, the hull thickness was calculated
as 36.7 mm. In consideration of the corrosion
margin, the hull thickness was assumed as 38 mm.
Regarding the sizing of the stiffened frames, with the
frame interval deﬁned as 750 mm, according to the
PD-5500 standard, the length and thickness of the
web of the frame were calculated as 293 and 30 mm,
respectively. The length and thickness of the ﬂange
were calculated as respectively 161 and 59 mm.
The material of the elliptical hatch nozzle was
assumed to be the same as that of the hull. The
major and minor diameters of the nozzle were 1112
and 926 mm, respectively; its length and thickness
were 675 and 56 mm. The Boiler and Pressure Vessel
Code (BPVC) by the American Society of Mechanical Engineers (ASME) [17] was employed to design
the local structural reinforcement, as illustrated in
Fig. 1.
Reinforcing the local structure of the elliptical
hatch using BPVC requires determining initial
conditions such as the sizes of the cylindrical pressure hull and the penetrator, the yield strength of
the material, and the design diving depth. The
ASME BPVC UG-37 “Reinforcement Required for
Openings in Shells and Formed Heads” speciﬁes the
area required for each region of reinforcement. A

design is considered to meet the standard if the total
area of all the regions is larger than the required
area (Ar) speciﬁed. Figure 2 illustrates the area of
reinforcement required in each region. In this study,
BPVC was employed to determine the area of
reinforcement required for each region of the local
structure of the hatch.
Ar is calculated through (1), where d represents
the inner diameter of the hatch. In the conservative
design, the major inner diameter of the hatch was
deﬁned as the design diameter (d ¼ 1000 mm). The
thickness of the hatch nozzle wall was deﬁned as tn;
the correction factor was deﬁned as F, which is
generally set as 1; the strength reduction factor,
which refers to the ratio between the allowable
stress in the cylindrical hull and that of the hatch
nozzle, was set as fr1. Because all the structural
components were designed using the same material, fr1 ¼ 1; tr, which refers to the required thickness
of a seamless shell based on the circumferential
stress, was calculated using (2), where P represents
the design pressure, R represents the radius of the
pressure hull, and S denotes the allowable stress of
the material. Ar was calculated through a combination of (1) and (2).

Ar ¼ dtr F þ 2tn tr F 1  fr1
ð1Þ
tr ¼ S  0:6

ð2Þ

Available area (Aa) refers to the total crosssectional area of the region of reinforcement and is
expressed in (3). Aa must be divided into ﬁve regions for calculation before it is summed up.
Aa ¼ A1 þ A2 þ A3 þ A4 þ A5

ð3Þ

The area in the shell (A1) is expressed in (4).
After calculation using the two equations in (4), the
larger of the two values is deﬁned as A1, where t
represents the thickness of the pressure hull.

A1 ¼ dðE1 t  Ftr Þ  2tn ðE1 t  Ftr Þ 1  fr1

ð4Þ
¼ 2ðt þ tn ÞðE1 t  Ftr Þ  2tn ðE1 t  Ftr Þ 1  fr1
The area in the outward nozzle (A2) is
expressed in (5). After calculation using the two
equations in (5), the smaller of the two values is
deﬁned as A2, where trn represents the initial
thickness of the nozzle wall, and fr2 ¼ fr1 ¼ 1.
A2 ¼ 5ðtn  trn Þfr2 t
¼ 5ðtn  trn Þfr2 tn

ð5Þ

The area in the inward nozzle (A3) is determined as the smallest value in (6), where ti represents nozzle thickness, and h is distance of nozzle
projects beyond the inner surface of the vessel wall.
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Fig. 1. ASME BPVC UG-37 hatch opening reinforcement process.

A3 ¼ 5t$ti $fr2
¼ 5ti$ti$fr2
¼ 2h$ti $fr2

ð6Þ

The area in the weld (A4) is calculated through
(7). (leg) means the weld leg size. However, because
the ﬁllet welding between the pressure hull and the
hatch nozzle was not considered in this study, A4
was not included in the calculation and was directly
assumed as zero.
2

A41 ¼ outward nozzle weld ¼ ðlegÞ fr3
2
A4 A42 ¼ outer pad weld ¼ ðlegÞ fr4
2
A43 ¼ inward nozzle weld ¼ ðlegÞ fr2

ð7Þ

The area in the outer pad (A5) represents the
element of thickness reinforcement and is expressed

in (8), where Dp represents the outer diameter of the
reinforcing element, and te denotes the increase in
the thickness within the element. See Fig. 2 for the
positions corresponding to the parameters. The
ratio between the allowable stress of the reinforcement material and that of the hull material can be
expressed as fr4, which was deﬁned as 1 in this study
because reinforcement was conducted using the
same material as that of the hull.

A5 ¼ Dp  d  2tn te fr4
ð8Þ
Table 1 lists the parameters of the areas of
reinforcement. According to the BPVC design
standard, an Ar of 28247.07 mm2 is required for
effective hatch nozzle reinforcement. Because the

Fig. 2. Hatch opening reinforcement parameters according to ASME BPVC UG-37 [17].
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Table 1. Parameters of reinforcement areas
Area (mm2)
A1
A2
A3
A4
A5
Aa ¼ A1þA2þA3þA4þA5
Ar

9752.93
9873.29
10,640
0
2408
32674.22
28247.07

ﬁllet weld was not considered in this study, the
amount of increased thickness (te) and the outside
diameter of reinforcing element (Dp) were the key
factors to sufﬁcient reinforcement. The amount of
increased thickness (te) was initially assumed as
18 mm; by this point, the thickness of the joints
between the pressure hull and the hatch nozzle was
all 56 mm. On the area of thickness increase, the
roots of the joints between the hull and the nozzle
were assumed to extend outwards by 172 mm;
therefore, Dp ¼ 1456 mm, and A5 was calculated as
2408 mm2 accordingly. After all the areas of reinforcement were summed up, Aa ¼ 32,674.22 mm2,
which met the BPVC standard.
Because the cylindrical diameter of the elliptical
hatch nozzle was larger than the interval between
the stiffened frames of the pressure hull, its structural layout interferes with that of the frames. To
mitigate the stress concentration at the joints between the nozzle and the frames, an R600 lead angle
was implemented at the joints to increase the
structural continuity. See Fig. 3 for the speciﬁcations
of the pressure hull model with a hatch nozzle. Fig. 4
shows the ﬁnite element model considered in this
study.

Rhino was employed to illustrate a 3D model
using the speciﬁcations as illustrated in Fig. 3, and
Abaqus was applied to run a simulation using fully
integrated shell element S4. To ensure the accuracy
of the numerical simulation, the size of the element
was set as 50 mm; therefore, 15 elements were
present between the two stiffened frames. In addition, regular quadrilateral grids were constructed in
the reinforced region with increased-thickness
around the penetrator, and the outward extension
length of each grid was set as 0.5 times the hull
thickness to facilitate easy calculation of the hot-spot
stress at the joints between the hatch nozzle and the
pressure hull.
Regarding the boundary conditions, because the
maximum diving depth was determined as 300 m,
3 MPa of uniform load was applied to the model.
Because a real pressure hull is sealed using spherical end domes, axial load is generated in the directions along the height of the cylindrical and along
the opening of the penetrator under the water
pressure. The length of the cylindrical hull was
determined as the Z-direction. On the boundary
conditions of the hull, the Z-direction degree of
freedom at one of the shell edges of the hull was
restricted, and 3 MPa of axial load was applied to the
opposite shell edge. ABAQUS was used to determine the load on the hull in the form of “shell edge
load,” and the required amount of axial load was
calculated as 5250 (N/mm).
To prevent the hull from rotating around the axial
direction after sustaining the load, the coordinate
system was adjusted as a cylindrical coordinate
system, and the T-direction degree of freedom of the

Fig. 3. Dimensions of cylindrical pressure hull with ellipse hatch nozzle.
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Fig. 4. Finite-element model of cylindrical pressure hull with hatch nozzle.

ﬁrst stiffened frame on each of the shell edges was
restricted. T is a degree of freedom along the
circumferential tangential direction. On the boundary conditions for the penetrator, local coordinates
were set on the location of the penetrator, and the
UR1 and UR2-direction degrees of freedom were
restricted based on the local coordinates; 739.401 N/
mm of axial load was applied. UR1 and UR2
respectively constrained the bending freedom of the
pressure hull in the X-axis and Y-axis. See Fig. 5 for
the comprehensive boundary condition settings.

3. Discussion
3.1. Hot-spot stress of elliptical hatch nozzle
The concept of hot-spot stress was introduced by
the International Association of Classiﬁcation Societies (IACS) and ASME in the 1970s [18]. Because
fatigue cracks are primarily caused by stress

concentration, which is caused by the local geometric discontinuity at weld toes, assessing stress at
the welding joint is crucial. Hot-spot stress represents the effective stress at the weld toes. In numerical simulation, hot-spot stress is obtained
through the calculation of stress at the nodes in
conjunction with linear extrapolation.
According to the aforementioned boundary conditions, the stress response under the 3- MPa axial
load was calculated to conﬁrm that the maximum
stress is concentrated at the welding joint between
the elliptical hatch nozzle and the pressure hull.
Subsequently, the standards of DNVGL [19] and
American Bureau of Shipping [20] were employed
to calculate the hot-spot stress at the welding joint,
as formalized in (9).
Shot ¼

ð3S0:St  S1:St Þ
2

Fig. 5. Boundary conditions of numerical model.

ð9Þ
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According to (9), the element sizes and node
positions in the numerical model must be conﬁgured in conjunction with the hot-spot stress equation. When the hull thickness (t) is 56 mm, nodes
must be set at the positions of both 0.5 t and 1.5 t at
the weld toe for acquiring stress values and calculating the hot-spot stress. According to the Common
Structural Rules for Double Hull Oil Tankers concerning hot-spot stress speciﬁcations and other
suggestions by the International Association of
Classiﬁcation Societies, calculating hot-spot stress at
the weld toes through numerical simulations requires attention to the choice of elements and grid
sizes, which can affect the calculation results.
Particularly, grid sizes must be conﬁgured according to hull thickness; the grid length-to-width ratio
must not exceed 3, and use of high- order elements
should be avoided if possible. In this study, a 4-node
fully integrated shell element was employed in the
numerical simulation, and all the grids within the
range of hot-spot stress assessment were
quadrilaterals.
Within the region of hull thickness reinforcement,
the element size was set as 0.5 times the hull
thickness. See Fig. 6 for the grid format and stress
analysis results. The results revealed that the
maximum stress at the root of the elliptical hatch
nozzle was 275.7 MPa, which is translated to
227.5 MPa of hot-spot stress at the weld toe.
The thickness in the region of local reinforcement
was then adjusted, and a curve was illustrated on
the relationship between reinforcement thickness
and hot-spot stress (Fig. 7). Because errors may
surface from actual elliptical hatch nozzle

construction, the effect of a 2 error in the nozzle on
stress was considered. Ideal construction refers to
nozzle construction in which no errors occur. A PZseries refers to when the nozzle construction is tilted
forward along the Z-direction; an MZ-series is when
the nozzle construction is tilted backward along the
Z-direction.
According to the hot-spot stress analysis results
(Fig. 7), errors within the range of ±2 do not affect
the hot-spot stress at the weld toe signiﬁcantly.
Therefore, the ideal construction analysis results
were applied in hot-spot-stress-based assessment of
room for adjustment in the local reinforcement
design.
3.2. Critical buckling strength
In addition to stress caused by compression,
reinforcement comprehensiveness is also evaluated
according to the critical buckling strength of a
pressure hull with an elliptical hatch. In this study,
eigenbuckling analysis was conducted on the pressure hull with an elliptical hatch to identify the
buckling modes. Figure 8 depicts the ﬁrst four
eigenbuckling modes of the hull, which indicate that
local buckling modes occur to pressure hulls
designed according to the PD-5500 and BPVC
standards under critical collapse. Moreover,
because the hatch opening exhibited satisfactory
compressive strength after reinforcement, no buckling modes occurred around the elliptical hatch.
The reinforcement thickness around the hatch
was reduced for eigenbuckling calculation. Figure 9
illustrates the ﬁrst and fourth eigenbuckling modes

Fig. 6. Converting the stress at two nodes to the hot-spot stress of the structure through linear extrapolation.
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Fig. 7. Hot-spot stress varying with reinforcement thickness.

Fig. 8. Eigenbuckling mode when the thickness of the stiffened frames was 56 mm.
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that occurred after the reinforcement thickness was
reduced to 45 mm, which were consistent with those
that occurred when the reinforcement thickness was
56 mm. Accordingly, the critical buckling strength of
the hull is determined by the structural continuity of
the stiffened frames but not considerably affected by
the thickness of the region around the hatch; in the
subsequent analysis of this study, the reinforcement
thickness around the hatch was deemed as unrelated to the critical buckling strength of the pressure
hull.
The critical buckling strength of the pressure hull
is closely associated with its roundness. According
to the suggestion by Luo [11], the buckling eigenvalues and eigenmodes of the pressure hull with an
elliptical hatch were ﬁrst calculated, and its initial
imperfections were determined using the combination of imperfection factors and speciﬁc eigenbuckling modes. Subsequently, Abaqus-Riks was
employed for nonlinear buckling analysis. Generally, the ﬁrst eigenmode identiﬁed in eigenbuckling
analysis is the most likely buckling mode to occur
after a pressure hull sustains compression. Therefore, the ﬁrst eigenbuckling mode was employed in
this study to represent the roundness imperfections
in the hull.
According to the BSI PD-5500 pressure container
design speciﬁcations, the out-of- roundness imperfections in a cylindrical pressure hull should not
exceed 0.5% of the hull radius. In consideration of
construction precision, the 0.3% and 0.5% imperfections were analyzed and compared on their differences in the effects on thickness reinforcement.
Because hull imperfections do not always appear in
the ﬁrst eigenbuckling mode, mode superposition

was performed in this study; that is, the eigenbuckling modes were appropriately overlaid in
speciﬁc imperfection rates, and the corresponding
roundness imperfections were controlled so that the
maximum roundness imperfection after superposition reached 0.5% to provide a comparison
benchmark.
In regards with imperfection factors, the pressure
hull employed in this study featured a 3.5-m radius;
therefore, the maximum deformation corresponding
to the 0.3% and 0.5% imperfections were determined as 10.5 and 17.5 mm, respectively. According
to Fig. 8, the maximum deformation in the ﬁrst
eigenbuckling mode was 1.22 mm; therefore, the
imperfection factors for the 0.3% and 0.5% imperfections were respectively 8.61 and 14.35. For the
linear buckling mode superposition model, the
roundness imperfection corresponding to the ﬁrst
eigenbuckling mode was determined as 0.4%, and
those of the second to ﬁfth modes were all set as
0.1%; all ﬁve modes were linearly overlaid for a
model with a roundness imperfection approaching
0.5%.
Figure 10 depicts the critical buckling strength
curves with 0.3%, 0.5%, and postsuperposition 0.5%
imperfections. The vertical coordinate represents
the pressure related to the diving depth, and the
horizontal coordinate represents the displacement
corresponding to the maximum deformation on the
pressure hull. When the pressure related to the
diving depth stops increasing but the deformation
continues to rise sharply, the stress represents the
critical buckling stress.
The assessment of the safety factor in this study is
expressed in (10), where sHS indicates the hot-spot

Fig. 9. Eigenbuckling mode when the thickness of the stiffened frames was 45 mm.

JOURNAL OF MARINE SCIENCE AND TECHNOLOGY 2022;30:10e20

19

Fig. 10. Critical buckling strength curves.

stress, sy refers to the yield stress of the material, Pcr
indicates the critical buckling stress, and Pdesign
represents the stress corresponding to the design
diving depth.
S:F: ¼

CY
er
¼
CHS design

ð10Þ

In this study, the design diving depth pressure
was set as 3 MPa, and the yield stress of the material
was 560 MPa. According to Fig. 10, the pressure hull
with an elliptical hatch exhibited critical buckling
stress values of 7.24, 6.74, and 6.58 MPa with 0.3%,
0.5%, and post-superposition 0.5% imperfections,
respectively. In relation to the 3 MPs design diving
depth pressure, the safety factors of the stress were
respectively 2.41, 2.24, and 2.19.

3.3. Evaluation of local reinforced thickness
According to the nonlinear buckling analysis results, the pressure hulls with elliptical hatches
designed according to the PD-5500 and BPVC
standards exhibited safety factors ranging 2.2e2.4.
However, the hot-spot stress of the original design
was 227.5 MPa, and its material yield stress was
560 MPa; these led to a safety factor of 2.46, which
was slightly higher than the nonlinear buckling
stress design standard. In the study's assumption,
the reasonable design was the one that has a safety
factor corresponding to the yield strength equals
that corresponding to the hot spot stress of hatch.
Therefore, the reinforcement thickness around the
hatch could be adjusted.

Fig. 11. Relationship between the safety factor and the reinforcement thickness.
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Figure 11 illustrates the changes in the reinforcement thickness around the hatch according to the
safety factor. When the safety factor was 2.4, the
corresponding hot-spot stress was 233.33 MPa, and
only 49.3 mm of reinforcement thickness was
required; when the safety factor was 2.3, the corresponding hot-spot stress was 243.47 MPa, and
40 mm of reinforcement thickness was required.
When the safety factor equaled the critical buckling
strength, no reinforcement was required to the
thickness around the hatch.
The results of this study were consistent with the
reinforcement area calculation results as listed in
Table 1. In particular, A5 represents the area and
thickness of reinforcement; if A5 ¼ 0, then Ar may
still be larger than Aa. Accordingly, in addition to
hull thickness, the keys to hatch nozzle reinforcement include nozzle height, nozzle depth, and
structural continuity.

4. Conclusion
This study employed a numerical simulation for
devising a new method to assess the feasibility of
local reinforcement around a hatch; the inﬂuence of
the presence of a hatch on the hot-spot stress and
critical buckling strength of a pressure hull were
also considered. A pressure hull structure containing an elliptical hatch nozzle was designed in full
accordance with the existing standards. When the
nozzle had sufﬁcient height and penetration depth
and was effectively joined with stiffened frames, the
region surrounding the hatch exhibited sufﬁcient
compressive strength even without thickness
reinforcement.
Different hatch design processes result in
different levels of strength performance. The
assessment method proposed in this study provides
a reference that designers can use for assessing and
modifying their hull designs.
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